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Page 4 Ff 
1 Restricted Confidential Video Deposition of 1 Finnegan Henderson representing Syngenta Seeds, [ - 
2 BARRY D. BRUCE, called for examination pursuant to | 2 Syngenta Biotechnology, Defendants. 
3 notice of deposition, on Friday, December 16, 2005, | 3 MR. COHEN: Jared Cohen from Finnegan 
4 in Washington, DC, at the offices of Finnegan, -_ 4 Henderson, representing Syngenta. 
S Henderson, Farabow, Garrett & Dunner, 901 New York 5 Whereupon, 
6 Avenue NW, at 9:04 am., before CARMEN SMITH, a § BARRY D. BRUCE 
7? ~=Notary Public within and for the District of 7 ~~ was called as a witness and, having first been duly 
8 Columbia, when were present on behalf of the | 8 sworn, was examined and testified as follows: 
S$ respective parties: 3 EXAMINATION 
10 MELINDA PATTERSON, ESQ. 09:04:3510 BY MS. PATTERSON: 
43 Howrey LLP ciel Q Dr. Bruce, could you please state your 
a2 1113 Louisiana, 25th Floor | 12 name and present position for the record. 
13 Houston, Texas 77002-5242 i3 A My name is Barry Douglas Bruce, and my 
14 713-787-1483 | 14 present employment is with the University of 
15 On behalf of Plaintiffs log:04:5215 Tennessee in Knoxville, where lam an associate 
16 16 professor of biochemistry, cellular and molecular : 
17 SANYA SUKDUANG, ESQ. 17 biology. : 
18 JARED S. COHEN, ESQ. | 18 MR. SUKDUANG: Just asa preliminary £E 
19 Finnegan Henderson Farabow Garrett & Dunner 19 matter, we would like to mark this transcript as i 
20 901 New York Avenue NW 09:05:0320 restricted confidential, subject io the protective E 
4 Washington, DC 20001-4413 | 21 ~~ order. i 
22 202-408-4377 | 22 BY MS. PATTERSON: _ : 
23 On behalf of Defendants | 2a Q. Dr. Bruce, I have placed before you a 
24 24 document that's been marked as Bruce Exhibit l. § 
25 ALSO PRESENT: JONATHAN PERRY, Videographer | 99:05:2025 Could you take a look at that and identify it for d 
Page 3 Page Sk 
3 PROCEEDINGS 1 the record, please? : 
2 (Bruce Exhibit 1 identified.) 2  ° A This biack folder? fl 
3 VIDEO OPERATOR: This is tape number 1 of | 3 Q Yes. : 
4 the videotaped deposition of Barry Douglas Bruce, 4 A it says “Deposition Exhibit 1, Bruce.” Do 3 
09:02:59 5 taken inthe matter of Monsanto Company, et al., 09:05:29 S you want me to look at everything that's in it? 
6 versus Syngenta Seeds, Incorporated, et al., Case & Q I want you to look atit. It's a copy. ] 
7 Number 04-505-SLR, and in the matter of DeKalb 7 believe, of your expert report. There are circled E 
8 Genetics Corporation versus Syngenta Seeds. | 8 numbers that have been added by hand in your expen 
S Incorporated, et al., Case Number 05-355-SLR. in the 3 report. Those circled numbers — for example if you § 
09:93:2410 US. District Coun for the-District of Delaware. 09:05:5010 look at page 3 of your report, paragraph 8, there is 3 
+4. Today's date is December 16, 2005. Time { 11  acircled number that’s been added by "the Shah '835 2 
12 on the video screen is currently 9:04:10 am. | 12 patent.” Do you see that? 2 
13 This deposition is being taken at the a3 A It looks like a 1, yes. 
14. offices of Finnegan Henderson, 901 New York Avenue 14 Q Right. And at tab 1 of your binder, there : 
09:63:4515 Northwest, Washington, D.C. 02:06:1115 is the document the Shah patent that correspondstc  £ 
16 My name is Jonathan Perry. | am the 16 the circle number 1. So there is a convenient way 3: 
47 videographer here on behalf of Sunbelt Reporting and 17 there for you to Iccate the documents that youhave 
18 Litigation Services. The court reporter is Carmen 18 referenced in your report. E 
19 Smith, also with Sunbelt Reporting and Litigation 19 And at the back of the binder is a copy of i 
09:04:0020 Services. 09:06:2820 your rebuttal report z 
21 Will counsel present please introduce | rae' A 50? Is that what you're saying? 3 
oo themselves and state whom they represent. 22 Q It's marked “rebuttal report,” towards the i 
23 . MS. PATTERSON: Melinda Pauerson of 23 back, not at the very back. And it has been circle 2 
24 Howrey for Monsanto and DeKalb Genetics. 24 numbered with corresponding tabs in the same way. : 
025 MR. SUKDUANG: Sanya Sukduang from : 
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1 1 shorthand denotation for the targeting, transport 
2 answers lO my questions. 2 and cleavage process, which has been put forward. 
3 MR. SUKDUANG: Hold on. Hold on. If you 3 Q Okay. Sa you're saying direct means 
4 — continue to do that, we will have to stop. Now, 4 cleavage? 
09:41:26 5S please Jet the witness finish his answer. 09:44:09 5 A it doesn't mean only cleavage. It means 
6 BY MS. PATTERSON: 6 targeting, translocation and cleavage. 
7 Q Okay. My question was did they do it? | 7 Q Okay. So you're reading cleavage into the 
3 MR. SUKDUANG: No, piease. Let the | 8 word “directs” there: 1s that correct? 
S$ witness finish. | ) A I'm — that's -- I'm expanding direct. | 
0924123310 Dr. Bruce, please fimsh your answer. | 09:44:2519 It's not a particularly technical term. It's broad, 
pies THE WITNESS: My feeling is that they 13 and it’s not really a term that is used in the 
12 described how to do it. 22 protein import field. 
13 BY MS. PATTERSON: | 13 Q Okay. Now, you say there it's a 
14 QQ. But they didn't do it? 14 “naturally occurring chain of amino acids”; right? 
09:43:3915 A 1do not beheve they did do that, no. 6$:44:4515 A Essentially, that's naturally occurring in 
16 Q Okay. So the answer tomy questionisno, | 16 that it is found — it's derived from someplace. 
17 they didn't do it: correct? | 17 Its something that exists in our plants’ genetic 
18 MR. SUKDUANG: _ Objection; asked and | 18 material. 
19 answered. | 19 And the chain part, I can clarify if 
09:41:4720 JHE WITNESS: They described how to do it 99:45:0320_ that's an-- unclear. That essentially means that : 
21 BY MS. PATTERSON: | 21 these amino acids are coupled via a peptide bond : 
22 Q But they didn't do 1? 22 that is enabled through the process of translation. [; 
23 MR. SUKDUANG: Objection; asked and | 23 Q And when you sav that the protein is e 
24 answered. | 24 obtained from a plant material, are you really i 
909:41:5225 BY MS. PATTERSON: |09:45:3925 meaning that the DNA encoding. the protein is : 
Page 31 | Page 33 [ 
i Q Okay. Now, there were some other — other 1 obtained from a plant matenal? 
2 references that you talk about — that you talked | 2 A I mean, one could possibly go and obtain 
3 about altogether. Are you offering an opinion that j 3 tanspeptide biochemically. That's nei to say you : 
4 those other references render the patent invalid? | & couldn't get that by obtaining the DNA. which was : 
09:42:14 5 Or let's just move on. We'll get to that | 09:45:57 5S then ~ through the process o7 transcription, which ; 
S when we getto that. Let's not anticipate too much. { € takes the DNA through an intermediate known as mRNA, : 
-F Tuming over to your opinion on page § | 7 and the process of translation. which iakes the mRNA : 
8 where you define the term "chloroplast transit | & into a series of amino acids, thal you get that : 
| S$ peptide." You originally define the term | 3 chloroplast transit peptide from some naturally : 
.09:42:5310 “chloroplast transit peptide" as "a naturally 0$3:46:12710 occurmng son of faithful template. 3 
11 occurring chain of amino acids that is naturally a2 Q Okay. And ~ but do you have an opinion S. 
42 located at the N-terminal portion of a nuclear 32 as to whether you could make changes at the DNA 3 
13 encoded polypeptide, which directs the polypeptde 13 level in the laboratory and sull have a naturally : 
14 toachloroplast,” and then you say, "This is the 14. occurring chain of amino acids as a result? Fe 
09:223:1525 ordinary meaning of the term as used in the field of | 02:46:4015 A One has to, | think, be sensitive to the : 
16 protein transport and plant molecular biology.” Is 16 technology at hand in the mid-80s. Molecular : 
17. that correct? 1? biologists, they were doing molecular biology, they E 
18 ‘A Protein transport and plant molecular 18  werecloning. They were in a certain sense 3. 
19 biology. That is —] think you read verbatim from | 12 primitive, because they were dependent upon — they : 
09:43:3520 .paragraph 17. }09:47:06029 weresolely dependent on restriction enzymes, and : 
21 Q Okay. And is that a correct definition of | 21 restriction enzymes happen to be random sequences : 
22. chioroplast transit pepude? | 22. that are ~1 shouldn't say “random,” but they are : 
> 3 A Thatis correct, other than the fact that | 23 sequences within the DNA strand which give the : 
24 J think one could clarify the word choice "direct" 24 experimentalists a means to excise through the use 
09:423:5125 and oe a) that. idee that wo eed isa, O9:47:1525 ofa = enzyme known as restriction 
9 Wiese, 30 Co. 2a) 
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endonucleus. 

In the process of doing that you may take 
the sequence out. You may actually put it into a 
consuuct which adds a restriction enzyme for some 
utilitanan purpose, 

But it is my definition that those changes 
for the ease of molecular biology are notin a 
substant ve way changing the naturally occurring 
nature OT a transit pepude: . 

Q Okay. And would that sul be tue, even 
if the change to insert or remove a restriction site 
resulted m an amino acid substtunion within the 
chloroplast transit peptide? 

MR. SUKDUANG: Objection; vague. 

_ THE WITNESS: Again, 1] think that people 
had become permissive of these changes. as long as 
there was not evidence or even the expectation that 
that change was in any way altering the activity or 
behavior of that protein. 

BY MS. PATTERSON: 

Q Okay. So in your view, chloroplast 
transit pepude would be naturally occurring so long 
as it essenually mimicked the way that the 
chloroplast transit from nature behaved; 1s that 
correct? 


Page 35 


A Well, a chloroplast transit peptide is 
naturally occurring. 

Q  But!'m saying if you had — 

A You're saying a naturally occurnng one 
would mimic a naturally occurring one? 

Q Well, no. I'm saying if you make some 
changes to the one that you obtained in the 
jaboratory but it sal] worked in exactly the same 
way as the one that was naturally occurring in the 
plant, you. would still consider that to be a 
chloroplast transit pepude? 

MR. SUKDUANG: Objection to the exteni it 
calls for a legal conclusion. 

THE WITNESS: Again, I think that a 
scientist who does tms would have some, you know, 
obligation at some place in the publication to 
describe what they did. Good science might require 
them to describe the changes, but if chey say that 
this transit peptide was obtained through a cleavage 
with a restiction endonuclease, that would not be 
recognized as changing its fundamental propernes. 

BY MS. PATTERSON: 

Q Okay. So but my question was simply if 
the chloroplast transit peptide that had some amino 


acid changes to it worked in exactly the same way as 
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the chloroplast transit peptide that naturally : 
occurred in the plant, you would still consider that 
to be a chloroplast transit peptide: is that 

comect? 

MR. SUKDUANG: Objection; asked and. 
answered. Objection io the exient it calls for a 
legal conclusion, and vague. 

THE WITNESS: They -— these sequences are 
naturally occurring. 1] acknowledge that you have to § 
possibly use the tools available to obtain them. 3 
The inventors or a person who was obtaining this 
from an organism would use a shorthand to say this 
is the transit pepude of, obtained from, by, and 
then whatever their strategy was. Good molecular 
biology would probably be designed io not alter it 
in 2 significant way. If there was a change that 
was put forward. it, ] believe, would require the 
experimental list tio show that that change made no 
difference. 

BY MS. PATTERSON: 

@ And if it was shown that that change made 
no differences, would you sul] consider that to be 
a chloroplast transit pepude? 

MR. SUKDUANG: Objection; asked and 
answered. Objection io the extent it calls for a 
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legal conclusion. 

THE WITNESS: I'm not sure how io answer 
this any better. It's sull naturally occurring. 
It was a transit pepude. They have obtained it. 
They haven't changed it it would then be described 
as a chloroplast transit peptide, with the 
clarification of where it was obtained fromm. 

BY MS. PATTERSON: 

Q Okay. Now, you say that the chloroplast 
transit peptide is “naturally located at the 
N-terminal portion of a nuclear encoded 
polypeptide.” And i'm trying to understand what you 
mean by “naturally located at the N-terminal portion 
of a nuclear encoded polypeptide.” 

Are you just trying to say that when 
you're looking for a chloroplast transit peptide, 
that you look at the N-terminal portion of the i 
nuclear-encoded polypeptide as opposed to looking at : 
some other place, like the C-terminal portion or 
part of the mature protein. 1 — 

A Well, I'm trying to describe the 
understanding in 1985 of, in essence, how transit 
peptides were identified and what was the sort of 
consensus. There was two to three to four, 
depending on how you count, known transit peptides, 
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Page 38 : Page 40}: 
“Lio all of biology. oxay. And in every instance, | 1 handful. |~ and they were all there. | would not : 
2- they were always found occurring at the N-terminus, | 2 say thal there was complete confidence that thet was [/ 
3 where that would be the 5 prime end of the gene. | 3 the only mechanism by which proteins were targeted [- 
4 that encoded that protein. And in every instance | & into chloroplasts. This was still a period of 
09:53:21 5 that protein was encoded in the nuclear genome. }09:55:48 5 active discovery and research. 
6 That N-terminal placement is -- at this 6 They had a few, and these were what those: 
7 point became an understood requirement for not only 7 ~~ few fooked like. 
8 the identification, but that was -- they were all 8 BY MS. PATTERSON: 
9 there. You could say absolutely every transit 9 Q And every single one of them was there at 
09:53:4519 peptide known in 1985 was placed al the N-terminus | 09:55:5510 the 5 prime end of the gene; correct? 
11 of anuclear-encoded polypeptide. alee A The three to four that were available. 
12 Q Okay. So that was something that was | 12 yes. 
23 known to those of skill in the art with respect to a 13 Q Now, in paragraph 19. you say that il was 
14 nuclear-encoded polypeptide, if you were looking for 14 not “considered possible io design a chloroplast 
02:54:0315 the chloroplast transit peptide. you should look at 09:55:1715 transit peptide from first principles." What do-you 
16 the N—-or the 5 prime — if you were looking at a 16 mean by that? 
17 gene, you should look at the 5 prime portion of the | ie A From first principles meaning that | can 
18 coding sequence, or if you were looking at 2 | 18 use my detailed molecular knowledge of each stepin ff 
19 protein, you should look at the N-terminal ponion 19 the targeting, transport and cleavage process io : 
0$:54:1520 forthe chloroplast transit peptide: is that 69:55:4520 fabricate something that would function and function A 
22 correct? 21 equivalently to a transit peptide in that setting. : 
22 MR. SUKDUANG: Objection; esked and 22 There was no ability to sori of a prion, without : 
23 answered. | 23 experience, synthesize or describe a polypeptide : 
za THE WITNESS: Somebody — that is where 24 sequence which would have that activity. There was i 
093:54:2525 they would look. It's not necessary that it would, |09:57:0725 no ability to do that then. : 
Page 39 Page 41 : 
1 by the tools available — you know, again, what did | a Q Okay. So basically, what you're saying is i 
2 ‘the experimentalists have then? They had the 2 there was no ability at the time io — in your z 
3. ability to isolate cDNAs through a process of | 3 pinion, to basically design a chloroplast iransit ; 
4  yeverse transcription. We had no genomes available. | 4 peptide from looking at — there was no ability to 3 
09:54:45 5 They couid use this process to get what 09:57:32 5 design a chloroplast transit peptide by simply E 
6 they would hope would be a full length cDNA. And in 6 synthetically assembling nucleotide ~ well, that's E 
7 the instances available, the full length cDNAs, | 7  abad question. ; 
8 that's a technical means of cloning DNA, may have, 8 What I'm trying to say is it wasn't ; 
9 . if it was full length, the entire transit peptide, | S possible to design a chloroplast transit pepude : 
029:55:93120 it may havea fragment of it. 109:57:5610 fromscraich,] guess is what I'm trying to say. F 
il Just because they had this, they would not | id A twas not. The problem in the field was : 
12 know what the transit peptide was, however. That 22 that there was no homology. lf you Jook atu F 
13 would require addiuonal experimentation. | 23 ~ literature, they had identified a smail number. | 
14 BY MS. PATTERSON: 14 Careful analysis, said, hey, these are very E 
09:55:1215 Q Well, if you were looking at a cDNA and 02:58:1215 unrelated, they are different in length, they are cE 
16 you were Jooking for a transit peptide, you would 16 different in sequence, they are different in amino E 
17  Jook at the 5 prime end of the cDNA; isn't that 317 acid compositicn. They only have in common this 
18 correct? - . 18 N-terminal position. Nobody knew how they worked. : 
19 _A That is where you'd focus your attention, | eRe, There was no theoretical framework to i 
09:55:2520_ yes. | 09:58:3020 describe their activity. And you certainly couldn't : 
21 Q Okay. And that’s what people of ordinary | 21 have contemplated making one up using some sort of f 
22. skill in the art knew to do in 1985; right? | 22 ab initio understanding. : 
23 MR. SUKDUANG: Objection: asked and : 


23 Q And when you say an "ab initio 
_ 24 answered. 24 understanding,” what do you mean? 
909:55:3225 THE WITNESS: Again, there were only a 0$:58:4925 A From first principles. | mean, you just 
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can't Say a wasisil peptide has to have a blank, 
blank, blank element and it has to have a blank, 
blank Y element and a blank, blank Z element and a 
blank, blank W element 

That wasn't known. There was no 
fundamental knowledge of how these things worked. 

Q Okay. And you say, then, that'one “would 
not have contemplated the use or design of a 
synthewc element that, when fused to a protein, 
‘would direct the protein into the chloroplast” 

What do you mean by a synthetic element? 

A Well, I] actually say synthetic, artificial 
or non-naiurally occurring element 

QO Right And I was going to go through all 
of them and see if there was any difference in -- 

A What! mean is that you could not go 
forward and put down on paper a sequence of amino 
acids that came from your purely intellecwal 
ability that would have a probability or 4 

likelihood of having the activities that | described 
as that of a chloroplast transit peptide. 

Q Okay. And then when you say an 
"artificial" element, do you mean the same thing as 
by:-“synthetic” 7 . 

A Those are somewhat synonymous. I'm trying 





to clarify that there was the ability to make a 
synthetic oligonucleotide that would encode 
something, but the amino acids that they encoded 
were identical to what was naturally occurring. 

Q. Okay. 

A I'm trying to different that what is 
important is that you could not use sort of these 
de novo principles to come forward with a linear 
chain of amino acids that would function as a 
chloroplast transit peptide when it wes fused to 
some Oter protein. : 

Q Okay. And when you say “non-naturally 
occurring element,” do you mean the same thing 
there? 

A ¥es. 

Q Okay. And let me just make sure that I 
understand what you're saying. You're saying that 
one couldn't have designed from — by just saying 
well, I think I need a basic amino acid here and I 
think I need a neutral amino acid in this next 
position, and I think’l need a series of amino acids 
that - [ need a series of lysines here. 

Basically, what you're saying is one of 
ordinary shall in the art couldn't have — just with 
the knowledge of what arnino acids do, have — and 
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the properties of amino acids, I'm sure you can say |- 
this more eloquently than 1 can possibly even try — | 
to. 

But one couldn't have designed a 
chloroplast transit peptide just simply by looking 
at individual amino acids and trying to assemble 
them into a chloroplast transit pepide that would 
be wholly artificial; is that correct? 

MR. SUKDUANG: Objection; form. 

THE WITNESS: Again, the issue heze is 
that there was no ability to have sort of the 
knowledge of the physical chemical properties of a 
transit peptide that imparted this activity. They 
dont ~ they didn't understand that. 

They couldn't do it by homology, because 
these things were not homologous. So there was 
just — you know, it was very, very confusing to the 
current scientists in this ume frame as to how did 
these sequences that shared nothing in common 
function in a similar fashion? And they would not 
know what to do with that. 

They just said look, I can't make one. 1 
can maybe find you one. 

BY MS. PATTERSON: 
Q Allright. So that's what I'm trying to 
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get at. You couldn't just make one up. Is that 
what you're trying to say here? 
A I'm saying — I'm trying to say that as 
clearly as I can. I'm irying to explain to you what 
] mean by first principles, what physical chemical 
properties are. Those are sort of the — to give 
you a mechanisuc knowledge, that mechanistic 
understanding of the activities was not there. 
Q Okay. Okay. I think we're on the same 
page now. And ] think what I'm understanding you're 
saying, basically, is when you're saying a priori 
and first principles, that one of sidiil in the art - 
in that 1985-1986 ume frame did not know howtosit £ 
down with a piece of paper and design a chioropiast 
uansit peptide that would function just by choosing 
individual amino acids and lining them up? 
A No. 
MR. SUKDUANG: Objection; asked and 
answered. | | 
THE WITNESS: As much as, you know, I said 
it in my own words, | think that we're saying the 
same thing. 
MS. PATTERSON: Okay. Thank you. 
MR. SUKDUANG: We've been going about an 
hour. Is it a good time for a break now? 
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CHIMERIC GENE FOR THE 


TRANSFORMATION OF PLANTS 


Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifi- 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of application Ser. No. 846,211 
filed on Mar. 24, 1992, now abandoned. 


BACKGROUND OF THE INVENTION 


‘The present invention relates to novel transit peptide DNA 
sequences, to novel chimeric genes and to their use in plants 
for conferring to them an increased tolerance to herbicides 
in general especially to those of the phosphonomethylgly- 
cine family. It also relates to the plant cells transformed by 
these genes, to the transformed plants regenerated from 
these cells as well as to the plants derived from crossbreed- 
ings using these transformed plants. 

Glyphosate, sulfosate or fosametine are broad-spectrum 
systemic herbicides of the phosphonomethyl-glycine family. 
They act essentially as competitive inhibitors of 
5-(enolpyruvyljshikimaie-3 phosphate synthase (EC 
2.5.1.19) or EPSPS in relation to PEP 
(phosphoenolpymuvate). After their application to the plant, 
they are translocated inside the plant where they accumulate 
in the rapidly growing parts, in particular the caulinary and 
rool apexes, causing the deterioration and even the destruc- 
tion of sensitive plants. 

Plastidial EPSPS, the main target of these products, is an 
enzyme of the aromatic amino acid biosynthesis pathway 
which is encoded by one or more nuclear genes and syn- 
thesised in the form of a cytoplasmic precursor and thea 
imported into the plastids where it accumulates in its natural 
form. 


The tolerance of plants to glyphosate and to products of 
the family is obtained by the stable introduction inside their 
genome of an EPSPS gene of plant or bacterial origin mutant 
Or nonmutant with respect to the characteristics of the 
inhibition of the product of these gene by glyphosate. Given 
the mode of action of glyphosate and the degree of tolerance 
to glyphosate of the product of the genes used, it is useful to 
be able to express the product of translation of this gene so 
as to permit its substantial accumulation in plastids. 

It is known, for example from U.S. Pat. No. 4,535,060, to 
confer to a plant a tolerance to a herbicide of the above- 
mentioned type, in particular N-(phosphonomethyl])glycine 
or glyphosate, by introducing into the plant genome a gene 
encoding an EPSPS carrying at least one mutation making 
this enzyme more resistant to its competitive inhibitor 
(glyphosate), after localisation of the enzyme in the plas- 
tidial compartment. However, these techniques need to be 
improved in order to achieve greater reliability in the use of 
these plants under agronomic conditions. 


SUMMARY OF THE INVENTION 


In the present invention, “plant” is understood as meaning 
any differentiated multicellujar organism capable of photo- 
synthesis and “plant cell” any cell derived from a plant and 

capable of forming undifferentiated tissues such as calluses 
or differentiated tissues such as embryos or plant sections, 
plants or seeds. 


The subject of the present invention is the production of 
transformed plants having an increased tolerance to herbi- 
cides in general and especially to those of the phosphonom- 
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ethylglycine family by regenerating cells transformed by 
means of novel chimeric genes comprising a gene for 
tolerance to these herbicides. The invention also relates to 
these nove] chimeric genes, to the novel transit peptides 
which they contain as well as to the plants containing them 
which are made more tolerant by an accumulation of the 
mutant enzyme, in its mature form, in the plants. 

More particularly, the subject of the invention is a chi- 
meric gene for conferring to plants an increased tolerance to 
a herbicide whose target is EPSPS, comprising, in the 
direction of transcription, a promoter region, a transit pep- 
lide region, a sequence of a gene encoding a glyphosate 
tolerance enzyme and.an untranslated polyadenylation sig- 
nal region at the 3' terminus, where the transit peptide region 
comprises, in the direction of transcription, a transit peptide 
of a plant gene encoding a plastid-localised enzyme, a partial 
sequence of the N-terminal mature part of a plant gene 
encoding a plastid-localised enzyme and then a second 
transit peptide of a plant gene encoding a plastid-localised 
enzyme. 

The invention also relates to any DNA sequence of the 
iransit pepude region defined above. 

The transit peptides which can be used in the transit 
peptide region may be known per se and may be of plant 
ongin, for example, derived from maize, sunflower, peas, 
tobacco or the like. The first and the second transit peptides 
may be identical, analogous or different. They may in 
addition each comprise one or more transit peptide units. A 
sequence derived from the SSU of the ribulose 1,5- 
diphosphate carboxylate oxygenase (RuBisCo) gene is pref- 
erably used. 

The partial sequence of the N-terminal mature part is 
derived fom a plant gene encoding a plastid-localised 
enzyme, such as for example a maize, sunflower or pea gene 
or the like, it being possible for the original plant species to 
be identical, analogous or different from that from which the 
first and second transit peptides are derived respectively. 
Furthermore, the partial sequence of the mature pan may 
comprise a varying number of amino acids, generally from 
10 to 40, preferably from 18 to 33. Asequence derived from 
the SSU of the nbulose 1,5-diphosphaie carboxylase oxy- 
genase (RuBisCO) gene is preferably used. 

Constmction of the entire transit region may be carried 
out in a manner known per Se, in particular by fusion or any 
other suitable means. The role of this characteristic region is 
to enable the release of a mature, native protein with a 
maximum efficiency. 

The coding sequence for herbicide tolerance which may 
be used in the chimeric gene according to the invention 
encodes a mutant EPSPS. having a degree of glyphosate 
tolerance. This sequence, obtained in particular by mutation 
of the EPSPS gene, may be of bacterial origin, for example 
derived from Salmonella typhymunum (and called in the 
text which follows “AroA gene”), or of plant origin, for 
example from petunia or from tomatoes. This sequence may 
comprise one or more mutations, for example the Pro 101 to 
Ser mutation or alternatively the Gly 96 to Ala mutations. 

The promoter region of the chimeric gene according to the 
invention may consist advantageously of at least one pro- 
moter on a fragment thereof of a gene which is expressed 
naturally io plants, that is to say promoters of viral origin 
such as that of 35S RNA of the cauliflower mosaic virus 
(CaMV35S) or of plant origin such as the small subunit of 
the nbulose 1,5~diphosphate carboxylate (RuBisCO) gene of 
a crop such as maize or sunflower. 

The untranslated polyadenylation signal region at ike 3’ 
terminus of the chimeric gene according to the invention 
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may be any origin, for example bacterial, such as the 
nopaline synthase gene, or of plant ongin, such as the small 
subunit of the maize or sunflower RuBisCO. 

The chimenc gene according to the invention may 
comprise, in addition to the above essential parts, an 
untranslated intermediate region (linker) between the pro- 
moter region and the coding sequence which may be of any 
origin, bacterial, viral or plant. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


EXAMPLE i 


Constnuiction of a Chimeric Gene 


The construction of the chimeric gene according to the * 


invention 1s carried out using ihe following elements: 

1) “Double CaMV” promoter (that is to say part of which 
has been duplicated): The CaM{V35S promoter was isolated 
by Odell et al (1985). Aclone, pJO5-2, containing about 850 
bp upstream of the site of initiation of transcription was cut 
with EcoRI-HindlH, the ends of this isolated fragment were 
made blunt using Klenow polymerase and the fragmeni 
inserted at the Hindll site of the vector pUC19 (Yannish- 
Perron et al., 1985). This promoter was digested with Clal, 
the ends filled using Klenow polymerase and then redigested 
with Hindill. A Hindil-EcoRV fragment, isolated rom the 
same jnitial promoter, was introduced between these two 
sites. The promoter thus obtained possesses a double amphi- 
fication region upstream of the regulatory elements of the 
CaMV35S promoter. It was introduced in the form of a 
HindIlI-EcoRI fragment into the vector pRPA-BL 150 A 
alpha 2, described in French Patent Application 88/04150, 
cut with Hindlill and EcoRI. 

2) Transfer region: the two transit peptides as well as the 
mature protein elements used are derived from the cloned 
cDNA of the small subunit of the gene of maize RuBisCO 
whose gene has been described by Lebrun et al. (1987), and 
from the cloned cDNA of the small subunit of the gene of 
sunflower RuBisCO, isolated by Waksman et al. (1987). 
More specifically, the transit region, called optimised transit 
peptide, comprises, in the direction of translation. 

a transit peptide of the small subunit of sunflower 

RuBisCo, 

an N-terminal sequence of 22 amino acids of the mature 

part of the small subunit of maize RuBisCO, 

a transit peptide of ihe small subunit of maize RuBisCO. 

The construct using this optimised transfer peptide is 
called pRPA-BL 410. 

Other similar sequences may be used which contain 
sequences of 10 to 40 and preferably 18 and 33 amino acids 
respectively. 

In order to provide a comparative element, another con- 
struction was carded out using a first transit peptide and the 
same mature sequence part but without a second transit 
peptide, according to the prior ari (pRPA-BL 294). 

3) Structural gene: it is derived from the mutant gene at 
the position (Pro 101 to Ser) of EPSPS of Salmonella 
typhymurium isolated by Stalker et al. (1985). The 
_ pMG342 clone (provided by Calgene) was linearised with 
Xbal and then treated with Vigna radiata nuclease. After 
recutting with Smal, the two blunt ends were ligated. The 
clone obtained possess an Neol site in the initiator ATG as 
well as a 17-bp Salil site downstream of the stop codon. This 
clone was called pRPA-BL 104. 

4) Polyadenylation signal region: the fragment is derived 
from the nopaline synthase gene of pTi37 (Bevan et al., 


19 


4 
1983). This site is contained in a 260-bp Mbol fragment 
(Fraley et al., 1983; Patent Application PCT 84/02913) 
which was treated with Klenow polymerase and cloned in 
the Smal site of M13 mp 18 in order to introduce the BamHI 
and EcoRI sites at the 5' and 3" ends tespectively. 

After cutting with BamHI and treating with Vigna radiata 
nuclease followed by cutting with EcoRI and treating with 
Klenow polymerase, the resulting fragment was introduced 
in the vector p-BL 20 (cf. French Patent Application 
88/04130), cut by Xbal and BamHI and treated with Klenow 
polymerase. After recutting with Salf and Sstl, a fragment of 
about 0.4 kbp containing the 3° nos sequence on the side of 
the Sall site and the right end on the T-DNA side of the SstI 
Site is obtained. 

The assembly of the various elements was carried out in 
the following manner: | 

“Transit peptide of the SSU of the maize RuBiCO/AroA 
gene” fusion: - 

The transit peptide of the SSU of the maize RuBisCO 
gene is derived from a 192-bp EcoRI-SphiI fragment 
obtained from the cDNA corresponding to the SSU gene of 
the maize RuBisCO gene, described by Lebrun et al. (1987), 
possessing an Neol site spanning the initiation codon for 
uansiation and an Sphil site corresponding to the cleavage 
site of the transit peptide. 

Translational fusion is obtained between the maize traasit 
peptide and the bacterial EPSPS gene by treating the Sphl 
end with bacteriophage T4 polymerase and by ligating it 
with the Klenow polymerase-treated Ncol end of the AroA 
gene from pRPA-BL 104, recut with EcoRL 

Transit peplide of the SSU of maize RuBisCO/sequence 
of 22 amino acids of the mature part of the SSU of maize 
RuBisCO/AroA gene fusion. 

Similarly, a 228-bp EcoRI-HindHil fragment of the cDNA 
of the SSU of the maize RuBisCO gene is ligated with the 
Klenow polymerase-treated Neol endof the AroA gene from 
pRPA-BL 104 and recut with EcoRI. A translational fusion 
is oblained between the transient peptide of the SSU of 
maize RuBisCO, the 22 amino acids of the mature part of the 
SSU of maize RuBisCO and the bacterial EPSPS gene. 

Transit peptide of the SSU of sunflower RuBisCO: 

The fragment is derived from the cDNA isolated by 


- Waksman and Freyssinet (1987). An Sphi site was created at 
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the cleavage site of the transit peptide according to the 
method of Zoller and Smith (1984). The transit peptide of 
the SSU of sunflower RuBisCO thus obtained is a 171-bp 
EcoRi-Spii fragment. 

Transit peptide of the SSU of sunflower RuBisCO/ 
sequence of 22 amino acids of the mature part of the SSU of 
maize RuBisCO/AroA gene fusion: 

The construct containing the transit peptide of the SSU of 
maize RuBisCO/sequence of 22 amino acids of the SSU of 
maize RuBisCO of the mature part of the maize gene fusion 
was cut with 171-bp EcoRI-Sphl corresponding to the transit 
peptide of the SSU of sunflower RuBisCO. A resulting 
construct exhibits a substitution of the EcoRI-Sphi frag- 
meats and is a translational fusion “transit peptide of the 
SSU of sunflower RuBisCO/sequence of 22 amino acids of 
the mature part of the SSU of maize RuBisCO/AroA gene”. 

The EcoRI-Sall fragment was ligated with the Sall-Sstl 
fragment containing the 3’ nos sequence and the right end of 
the T-DNA. The resulting EcoRI-Sstl fragmeat, comprising 
“transit peptide of the SSU of sunilower RuBisCO/sequence 
of 22 amino acids of the mature part of the SSU of maize 
RuBisCO/AroA gene/3' nos/T-DNA night end”, is substi- 
tuted for the EcoRI-Sst! fragment containing the night end of 
the T-DNA of the plasmid 150 A alpha 2 containing the 
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double CaMV promoter. The transcriptional fusion “double 
CaMVatransit peptide of the SSU of sunflower RuBisCO/ 
sequence of 22 amino acids of the mature part of the SSU of 
maize RuBisCO/AroA gene/3' nos” in the vector 150 A 
alpha 2 was called pRPA-BL 294. “Transit peptide of the 
SSU of sunflower RuBisCO/sequence of 22 amino acids of 
the SSU of maize RuBisCO/transit peptide of the SSU of 
maize RuBisCO/AroA gene” fusion. 

The above construct is cut with Ncol-HindIH, releasing 
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these conditions, it is observed that for the tobacco plants 
modified by the chimeric gene of pRPA BL 410 according to 
the invention, the mass of calluses is 34 g whereas for the 
plants modified by the chimeric gene without a second 
transit peptide, the mass is only 12 g.. 

b) In vivo: 30 plants derived from the regeneration of the 
tobaccos transformed using pRPA-BL 294 and pRPA-BL 
410 respectively are transferred to a greenhouse and treated 
at the 5-leaf stage by spraying with an aqueous suspension 


the AroA gene. Next itis ligated with a 1.5 kbp Neol-HindHll 10 at a dose corresponding to 0.6 kg/ha of glyphosate (Round 
fragment containing the “transit peptide ofthe SSU of maize — up). After 21 days, a phenotypic examination is carried out 
RuBisCO/AroA gene” fusion. A resulting construct exhibits —_—of the plants relative to untransformed control plants. Under 
a substitution of the Nool-HindIll fragments and isa traps- _these conditions, it is observed that the plants transformed 
jational fusion “transit peptide of the SSU of sunflower using pRPA-BL 410 possess a negligible phytotoxicity 
RuBisCO/seauence of 22 amino acids of the SSU of the 15 whereas the control plants are completely destroyed; 
RuBisCO of the mature part of the maize gene/transit moreover, the plants transformed using a chimeric gene, 
peptide of the SSU of maize RuBisCO/AroA gene”. which differs from the preceding one by the absence of a 
The, EcoRI-Sall fragment was ligated with the Sall-Sstl —_ second transit peptide, possess 2 phytotoxicity of not less 
fragment containing the 3' nos sequence and the rights end — than 30% destruction. _ : 
of the T-DNA. The resulting EcoRI-Sstl fragment compris- 20 These results clearly show the improvement brought by 
ing “transit peptide of the SSU of sunflower RUBisCO/ the use of a chimeric gene according to the invention for the 
sequence of 22 amino acids of the SSU of the RuBisCO of cs . cene encoding the glyphosate tolerance 
the mature part of the maize gene/transil peptide of the SSU _ es ae ieee 
of maize RuBisCO/AroA gene/3' nos/T-DNA right end” is The transformed plants according to the invention may be 
substituted for the EcoRI-Sstl fragment containing the nght 25 teed es enue for producing hnes and hybrids having an 
ead of the T-DNA of the plasmid 150 A alpha 2 containing increased tolerance to glyphosate. 
the double CaMV promoter. The transcriptional fusion XYAMPLE 3 
“double CaMV/transit peptide of the SSU of sunflower 
RuBisCO/sequence of 22 amino acids of the SSU of the Spring colzas, Westar cultivar, resistant to glyphosate, 
RuBisCO of the mature part of the maize gene/transit 30 Were obtained using the method of BOULTER et al, 1990 
peptide of the SSU of maize RuBisCO/AroA gene/ 3’ nos” —- (Plant Science, 70; 91-99), with pRPA-BL 410. These plants 
in the vector 150 A alpha 2 was called pRPA-BL 410. were resistant to a greenhouse treatment with glyphosate at 
400 
EXAMPLE 2 g as/ha, a treatment which destroys nontransgenic plants. 
. 35 We claim: 
Resistance of the Transformed Plants 1. Anucleic acid construct which codes for a polypeptide 
1. Transformation: sufficient for localization of a gene product ina chloroplast 
The vector is introduced into the nononcogenic agrobac- of : plant cell which polypeptide pian! emg fusion which 
ierium strain EHA 101 (Hood et al., 1987) carrying the in the direction of translation comprises a first chloroplast 
cosmid pT VK 291 (Komari et al. 1986). The transformation “© transit peptide from a ribulose-15-biphosphate carboxylate 
method is based on the procedure of Horsh et al. (1985). small subunit, an N-terminal domain of a taature ribulose- 
a ne 1,5-bisphosphate carboxylate small and subumt protein and 
pti a second chloroplast transit peptide from a ribulose-1.5- 
The regeneration of the tobacco PBD6 (source SEITA bisphosphate carboxylate small subunit. 
France) using foliar explants is carried out on a Murashige ,5 2. The nucleic acid construct of claim 1 wherein said first 
and Skoog (MS) basic medium containiag 30 g/] of sucrose chloroplast transit peptide and said second chloroplast tran- 
aad 200 g/mi of kanamycin. The foliar explants are removed sit peptide have identical amino acid sequences. 
from greenbouse- or in vitro-grown plants ard transformed 3. The nucleic acid construct of claim 1 wherein said first 
according to the foliar disc method (Science 1985, Vol. 227, chloroplast transit peptide and said second cbloroplastic 
p. 1229-1231) in three successive stages: the first comprises sq transit peptides each have different amino acid sequences. 
the induction of shoots on an MS medium supplemented 4. The nucleic acid construct of claim 1 wherein said first 
with 30 g/l of sucrose containing 0.05 mg/l of naphthylacetic or second transit peptide is a transit peptide of a maize 
acid (ANA) and 2 mg/l of benzylaminopurine (BAP), for 15 ribulose-1,5-bisphosphate carboxylate small subunit. 
days. The shoots formed during this stage are then devel- 5. The nucleic acid construct of claim 1 wherein said 
oped by culturing on an MS medium supplemented with 30 5; N-terminal domain is. an N-terminal domain of a mature 
g/l of sucrose, but not containing hormone, for 10 days. The maize ribulose-1,5-bisphosphate carboxylate small subunit. 
developed shoots are then removed and they are cultured on 6. The nucleic acid construct of claim 1 wherein said first 
an MS plaating medium containing half the content of salts, or second transit peptide and said N-terminal domain are 
vitamios and sugars and not containing hormone. After from the same 1,5-bisphosphate carboxylase small subunit 
about 15 days, the deeply-rooted shoots are placed io soil. gy protein. 


3. Measurement of the glyphosate tolerance: 

a) In vitro: the tolerance is measured by weighting the 
mass of calluses extrapolated to 100 foliar discs of 0.5 cm 
in diameter, after 30 days of growth on an MS medium 
supplemented with 30.g/] of sucrose, 0.05 mg/l of naphtha- 
leneacetic acid and 2 mg/l of BAP containing 35 ppm of 
glyphosate and 200 micrograms/ml of kanamycin. Under 
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7. The nucleic acid construct of claim 1 wherein said first 
or second transit peptide is a transit peptide of a sunflower 
ribulose-1,5-bisphosphate carboxylate small subunit. 

8. The oucleic acid construct of claim 1 wherein said 
N-terminal domain is an N-terminal domain of maiure 
suotower ribulose-1,5-bisphesphate carboxylase small sub- 
unit. 
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9. The nucleic acid construct [of any] of claimfs] 1, [5, 6 
or 8] wherein said N-terminal domain comprises about 10 to 
about 40 amino acids. 

10. The nucleic acid construct [of any] of claim [1,] 5, [6 
or 8] wherein said N-terminal domain comprises about 18 to 
about 33 amino acids. | 

11. A nucleic acid constrict which codes for a polypeptide 
suficient for localization of a gene product in a chloroplast 
of a plant cell which polypeptide comprises a fusion which 
in the direction of translation comprises a first chloroplast 
iransit peptide from a sunflower ribulose-1,5-bisphosphate 
carboxylase small subunit, approximately 22 amino acids 
from the N-terminal region of a mature maize ribulose-1,5- 
bisphosphate carboxylate small subunit and a second chlo- 
roplast transmit peptide from a maize ribulose-1,5- 
bisphosphate carboxylate small subunit. 

12. A plant which comprises in its genome a nucleic acid 
sequence encoding a iransit peptide region, wherein the 
nucleic. acid sequence encoding the transit peptide region 
comprises, in the direction of transcription, 

a) a transit peptide sequence of a ribulose-i,5- 

bisphosphate carboxylase oxygenase small subunit, 

b) a sequence encoding an N-terminal domain from a 

nature ribulose-1,5-bisphosphate carboxylase oxyge- 
nase small subunit, and 


c) a transit peptide sequence of a ribulose-i,5- 
bisphosphate carboxylase oxygenase smail subunit. 
13.A plant as claimed in claim 12, whergin the N-terminal 
domain comprises [0—40 amino acids. 


14.A plant as claimed in claim 13, wherein the N-terminal ~ 


domain is from maize, sunflower, pea or tobacco. 


8 


15. A plant which contains in its genome a nucleic acid 
sequence encoding a transit peptide region, wherein the 
nucleic acid sequence encoding the transit peptide region 
comprises in the direction of transcription, 


a) a transit peptide sequence of sunflower ribulose-1,5- 
bisphosphate carboxylase oxygenase small subunit, 
6) a sequence encoding an N-terminal domain of a mature 
maize ribulose-1,5-bispnosphate carboxylase oxyge- 

nase small subunit, and 


Cc) @ transit peptide sequence of maize ribulose-1,5- 
bisphosphate carboxylase oxygenase small subunit. 

16.A plant transformation vector comprising nucleic acid 

sequence encoding a transit peptide region, wherein the 
nucleic acid sequence encoding the transit peptide region 
comprises, in the direction of transcription, 

a) a transit peptide sequence of a ribulose-i,5- 
bisphesphate carboxylase oxygenase small subunit, 

b) @ sequence encoding an N-terminal domain from a 
mature ribulose-1,5-bisphosphate carboxylase 
oxygenase, and 

c) @ transit peptide sequence of a ribulose-1,5- 
bisphosphate carboxylase oxygenase small subunit. 

ne 1?.A plant transformation vector as claimed in claim 16, 
wherein the transit peptide sequence a) is a sunflower transit 

peptide sequence, the N-terminal domain comprises 10—40 

amino acids from a mature ribulose-1,5-bisphosphate car- 

boxylase oxygenase, and the transit peptide sequence c) is a 

yy Maize transit peptide sequence. _ 


- 
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